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ABSTRACT 


Ground  level  nip  blast  pressures  war#  aeasured  by  tha  David  Day lor 
Nodal  Basin  on  tha  as in  blast  lino  and  in  aircraft  parking  arsas  for 
Slots  2,  3,  and  A*  Tha  purposa  of  tbasa  aaasuraaants  was  two-folds 

(a)  to  provide  blast  prassura  data  at  spaolfle  locations  of  sspaoial  la- 
tarast  to  Prograa  3  in  oorralating  daaaga  to  aircraft  on  tha  ground  and 

(b)  to  provide  blast  prassura  data  sultabla  for  a  cbaok  of  asisuth  sya- 
aatry  and  for  ooaparleon  with  data  obtained  by  other  activities  parti¬ 
cipating  in  tha  TUMBugfUSNAPPER  series  of  tests,  tight  interferons tar 
(Book)  gagas  and  eight  David  Taylor  Nodal  Basin  capacitance  gagas  ware 
used  in  tha  operation. 

Reproductions  of  tha  reoorded  pressure-tins  curves  are  placed  in 
the  as  in  body  of  tha  report.  In  addition,  peak  prassura  values,  posi¬ 
tive  and  negative  phase  durations,  and  positive  and  negative  Impulse 
values  are  tabulated  for  each  shot. 

Self-contained  gage  stations  were  used  to  aake  these  asasureneats, 
l.e.,  recordings  were  node  at  each  gage  looation  rather  than  at  a  cen¬ 
tral  reoording  station.  This  technique  appears  to  be  quite  successful 
and  requires  no  costly  oable  trenches.  The  development  of  aore  ooapact 
apparatus  speolfioally  designed  for  mounting  in  a  saall  cylindrical 
bousing  underground  is  desirable. 
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PREFACE 


Early  la  February,  1952  the  David  Taylor  Nodal  Basin  was  asksd  to 
partioipata  in  ths  forthcoming  TUMBLER-SNAPPER  atomic  waapoos  tost  oper- 
atloas  to  ba  oonduotad  at  tba  Nevada  Proving  Grounds*  Tbs  Nodal  Basin 
was  rsqusstsd  to  asks  measurements  of  air  blast  prassuras  whiob  wara  to 
ba  oorralatad  with  obaarvad  daaaga  affaots  to  parkad  airoraft  looatad  at 
various  dlstaaoas  froa  ground  saro. 

Preliminary  planning  talks  wara  bald  with  Projaot  3*1  parsonnal  at 
Urlgbt  Pattarsoa  Air  fbroa  Basa  to  dataraiaa  thair  raqulrsasnts  for  lo¬ 
cation  of  prassura  gagas  la  tha  airoraft  parking  areas.  It  was  suggest¬ 
ed  that  tha  Nodal  Basin  use  existing  interferometer  (Book)  prassura 
gagas  whiob  wara  oa  band  at  tha  Los  Alaaos  Scientific  laboratory*  These 
gagas  bad  bean  returned  froa  GREENiOUSS  operations  and  thair  oonditloa 
was  unknown* 


Nodal  Basin  participation  was  sat  up  as  Projaot  1*13  under  Program 
1  which  included  all  blast-pressure  measurements*  A  control  station 
was  salaotad  on  tha  aain  blast  line  for  eoaparison  Measurements  with 
other  participating  projeots.  Vlth  a  check  at  this  station  on  gaga  re¬ 
sponse  similarity,  measurements  taken  in  areas  removed  from  tha  blast 
line  oould  ba  oompared  with  those  at  corresponding  distances  from  ground 
saro  oa  tha  blast  line* 

Bsoausa  of  tha  questionable  condition  of  tha  available  interfero¬ 
meter  gagas,  Projaot  1*13  proposed,  in  conference  with  Projaot  3.1,  that 
a  type  of  prassura  measuring  system  which  bad  been  developed  at  tha 
Nodal  Basin  ba  constructed  for  use  in  the  TUMBLER  operations  in  oomjuno- 
tlon  with  as  aany  of  the  Buck  gages  as  could  be  rehabilitated. 

At  first  It  was  agreed  that  tha  Nodal  Bssin  would  build  five  chan¬ 
nels  of  tha  TW  capacitance  gaga  system)  this  was  later  expanded  to 
eight  ebaanels  whan  tha  merits  of  this  system  wara  more  widely  under¬ 
stood  and  when  the  exact  condition  of  the  Buck  gagas  had  bean  determined* 

Tba  authors  visited  Los  Alamos  Scientific  laboratory  on  12  February 
1952  and,  through  tha  oooperation  of  their  J-10  Division  and  of  Eirtland 
Air  Pbroe  Base,  secured  16  Buck  gagas  in  various  states  of  repair  and 
completeness*  Final  details  of  tha  gaga  installation  requirements  wara 
settled  with  Test  Co— ml,  APSUP,  at  Eirtland  AFB  during  this  visit. 

A  major  ooastruotlon  program  was  stsrtsd  at  tha  Nodal  Basin  and  in 
about  five  weeks  tha  oapaoltanoe  gaga  systems  wara  oonstruoted  and  cali¬ 
brated  and  IX)  Book  gagas  wara  put  in  operating  oondition,  calibrated, 
and  fitted  to  steal  mounting  boxes*  la  addition,  all  required  support¬ 
ing  iastnasmtatioa  and  supplies  had  bean  obtained.  Tba  Air  Pbroe 
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provided  air  transportation  for  the  23,000  pound*  of  lastrunsnts  and 
auxiliary  equipment  to  Indian  Springs  Air  Fbroe  Bass,  Nevada,  in  tins 
for  the  Nodal  Basin's  sobsdulad  participation  in  Shot  2. 


Diw  to  the  vary  short  preparation  tins  allowed  Pro J sot  1,13,  the 
task  of  design!^,  building,  and  calibrating  feast  equipment  oould  not 
have  been  aooonpllehed  without  the  wholehearted  support  of  the  Industrial 
Department  and  the  Supply  and  Plsoal  Department  of  feha  David  Taylor 
Mxisl  Basin. 


In  addition  to  feha  authors  feha  following  Nodal  Basin  personnel 
participated  in  feha  field  operations  at  feha  Breads  Proving  Grounds* 


Charles  V.  Boffwn 
Robert  G.  Tuckernai 
Arad  B.  Killer 
FTank  B.  Kendall,  . 


Aiur  Air  Fbroe  nan  ware  assigned  to  the  Pro J sot  at  feha  feeefe  alfea 
and  oheerfully  parfomsd  a  great  variety  of  duties  in  feha  field  oper¬ 
ational 


The  ooope ration  raoalvad  fren  the  That  Oonaand,  feha  Prograa  1 
Director,  other  Prograa  Directors  and  Project  Officers,  and  feha  eu^ 
portly  organisations  at  feha  Proving  Qrouads  was  vary  nneh  appreciated, 
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CHAPTER  1 


INSTRUMENTATION 


1.1  jcsaasiia 

Air-blast  pressure  measurements  wars  conducted  by  Project  1.13 
during  Shots  2.  3,  sod  4*  The  results  fulfill  two  purposes i  (1)  they 
provide  pres sure- tins  Informs t ion  to  oorrelste  with  observed  dsasgs  to 
perked  aircraft,  end  (2)  they  provide  s  check  on  asinuth  symmetry  by 
compering  blest  pressure  records  obtained  in  the  Project  3.1  aircraft 
areas  with  those  from  the  main  blast  line. 

Pressures  at  each  gage  station  were  recorded  at  ground  level.  In 
general  the  gages  were  located  in  open  terrain  but  some  were  behind  air 
craft-protection  revetments  and  one  was  at  the  bottom  of  an  open  ex- 
oa ration- type  aircraft  shelter. 

Two  types  of  pressure  measuring  systems  were  employed:  (1)  a 
capacitance  gage  resonant-bridge  carrier  system  initially  developed  at 
the  David  Thvlor  Model  Basin  by  Dr.  T.A.  Peris  (Bef.  1)  and  Nr.  0.  W. 
Cook  (Ref.  2) ,  and  (2)  the  interferometer  gage  more  commonly  known  as 
the  Buck  gage  after  its  developer  Dr.  U.B.  Buck  (Bef.  3). 

1.2  IHB  CAPACITANCE  GAGE  SIS TEH 

The  TMB  capacitance  gage  system  uses  a  capacitance- type  pressure 
pickup  and  a  resonant  bridge  carrier  system  and  records  by  means  of  a 
moving  film  camera.  It  has  excellent  transient  frequency  re eolation 
capabilities  and  is  remarkably  stable  in  the  presence  of  ebook,  vibra¬ 
tion.  end  sudden  temperature  changes.  The  system  may  be  studied  in  two 
partes  (1)  the  pressure  gage,  and  (2)  the  carrier  amplifier,  power 
supply,  and  camera. 

1.2.1  The  Pressure  Sa so 


Figure  1.1  shows  a  cross  emotion  of  the  pressure  sensing 
element  of  the  gage  as  mounted  in  a  baffle  plate.  The  2  by  3  foot  baf¬ 
fle  plate  was  oriented  lengthwise  toward  the  blast  with  the  gaga  oenter- 
ad  aaarer  the  rear  portion  of  the  plate.  The  sintered  brass  filter 
(Forex*)  provides  aeohanlosl  end  thermal  protection  to  the  gage 


•Porex  Grade  2.  Munifaotured  by  Moraine  Products  Division.  QIC. 
Dayton.  Ohio. 


diaphragm.  The  filter  was  waterproofed  by  dipping  in  a  solution  of 
siliooiM  oil  in  as  thy 1  ethyl  keytone  and  than  baking  dry.  It  was  fait 
that  was,  which  had  baan  us ad  in  tha  past  with  Poraz  filters  in  Buck 
gagas,  night  not  be  a  satisfactory  agent  to  use  for  waterproofing  sinoe 
tha  initial  high  theraal  flux  froa  nuclear  explosions  oould  salt  tha 
wax  residua  in  tha  filter  and  olog  tha  vary  snail  pores  before  tha 
arrival  of  tha  shock  an.  The  design  of  tha  gaga  itself  was  based  in 
part  on  tha  raquiranant  of  minimising  tha  influence  of  temperature 
changes,  and,  in  this  respect,  tha  use  of  lovar  and  glass  construction 
was  of  benefit*  A  photograph  of  tha  pressure  gaga  is  shown  in  Figure 
1*2.  Circuitry  within  tha  gaga  consists  of  a  four-arm  capacitance 
bridge  with  tha  diaphragm  and  fixed -electrode  combination  of  tha 
pres sure-eens lag  element  as  tha  active  bridge  arm  (Figure  1*3).  Trim¬ 
ming  capacitors  and  driver  and  pickup  transformers  are  mounted  within 
the  heavy-welled  box  of  tha  gaga  body*  The  driver  transformer  is  tuned 
to  resonance  with  the  bridge  oapaeitanoe  as  seen  from  the  drlvl^ 
points,  a-b,  and  the  pickup  transformer  is  tuned  to  resonanoe  with  the 
bridge  oapeoltanoe  as  seen  from  the  piokup  points,  o-d. 


Figure  1*1  Section  of  Gage  Head 


The  gage  head  consists  essen¬ 
tially  of  a  central  fixed  electrode 
and  a  pressure  sensitive  diaphragm 
closely  spaced  to  the  fixed  eleo- 
trode  so  as  to  form  an  aleotrical 
capacitance. 
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Figure  1*2  Pressure  Gag* 

The  gag*  baad  is  an  integral  part  of  tb* 
heavy  natal  brldg*  box.  1b*  central  circular 
part  la  tb*  dlaphragn  cup  which  la  bald  la 
plaoa  by  tha  knurled  clanping  ring. 


After  tha  brldg*  la  tuned,  tb*  entire  circuit  la  lnbaddad 
In  BL  casting  resin.  After  labadding,  tb*  gaga  circuit  la  laparrlous 
to  shook  excitation  and  to  weather  conditions,  and  the  passive  elaaents 
of  the  bridge  are  Insulated  free  sudden  tenperature  changes.  Long-tern 
unbalsnoes  resulting  froa  tenperature  changes  are  ooapenssted  for  by 
autoaatlo  balancing  features  la  the  oarrlar  anpllflar  unit.  Is  cause  of 
the  rsstrnannt  eoadltlons  la  tb*  bridge,  very  large  signal  voltages  are 
produced  by  very  snail  capaoitanoe  changes. 


1.2.2 


A  typical  field  Installation  of  the  capacity  gage  systca  Is 
shown  la  Figure  1.4.  the  gage  is  attached  to  a  heavy  steel  baffle 
plate  which  la  turn  is  bolted  to  a  steel  drun  secured  to  the  wood  struc¬ 
ture  of  the  underground  lnetruncnt  pit.  A  flanged  pipe  further  supports 
the  asscnhly  and  provides  a  passageway  for  the  gage  eablee.  lbs  carrier 
anpllflar,  power  supply,  and  sans  re  are  counted  In  the  lower  portion  of 
the  lastnaeat  pit  la  a  shock  counted  reek.  Tiabers  support  a  renovnble 
plywood  platfom  above  tb*  lastnasat*  so  that  after  all  adjus taunts 
have  been  and*,  the  top  portion  of  the  pit  oaa  be  filled  with  sandbags 


Figure  1*3  Capacitance  Gage  Circuit 


to  the  level  of  the  (round  to  provide  bleat  and  radiation  protection 
for  the  electronic  equipment  and  the  camera.  Certain  wire*  are  broufht 
to  (round  level  for  final  arming  of  the  equipment  after  final  pre-ehot 
dry  runs.  In  the  interest  of  brevity,  only  a  short  functional  descrip¬ 
tion  of  this  measurement  system  is  (ivea  here* 

A  special  bridge  circuit,  similar  to  that  shown  in  Figure 
1*3  is  energised  by  a  carrier  current  of  500  ko  by  means  of  a  low  im- 
pedaaoe  transmission  lima.  The  frequency  of  this  oarrier  currant  is 
crystal  stabilised.  The  bridge  circuit  is  balanoed  before  reoordiiy* 
The  electrical  capacity  of  the  air  gap  in  the  gage  is  a  part  of  the 
total  capacity  in  one  leg  of  the  bridge  circuit*  Pressure  applied  to 
the  gage  bead  changes  the  eapaoity  of  the  gap. 

Initial  balancing  of  the  system  is  accomplished  by  adjust¬ 
ment  of  oontrols  on  the  carrier  amplifier  unit*  Thereafter  any  unbal¬ 
anced  voltage  from  the  bridge  is  transmitted  back  to  the  carrier  ampli¬ 
fier  via  another  transmission  line*  This  voltage  is  amplified  and  fed 
into  a  special  phase -amplitude  sensitive  discriminator  olrouit  in  tbioh 
the  signal  voltage  is  compared  with  the  bridge  driving  voltage*  The 
senes  of  the  bridge  unbalance,  l.e. ,  whether  the  unbalance  represents 
positive  or  negative  pressure  applied  to  the  outer  surface  of  the  dla- 
phragm,  is  determined  by  means  of  phase  oomparlcon*  At  the  same  tine 
the  amplitude  of  the  signal  voltage  is  determined,  the  r-f  component 


Figure  1*4  Typical  Capacitance  Sage  Syatea  Installation 

The  rectangular  hole  is  about  6  feet  deep.  A  double 
plywood  platfora  supports  the  sandbags  which  provide  blast 
protection  for  the  electronic  Instruments.  The  oaaera  Is 
plsoed  at  the  bottom  of  the  pit  where  maximum  distance  of 
interposed  earth  provides  radiation  shielding. 


ia  removed  by  rectification,  and  the  resulting  d-c  signal  represents 
the  sense  and  magnitude  of  the  pressure.  This  d-c  signal  is  used  to  de- 
fleot  the  electron  beam  of  a  oathode-ray  tube  in  the  oaaera  unit.  The 
oaaera  records  the  position  of  the  oathode-ray  beam  on  a  moving  film. 

A  special  timing  oeoillator  and  spark  discharge  electrode  plaoes  a  time 
base  on  the  film* 


Primary  power  is  furnished  for  the  system  by  a  24  volt 
pe  storage  battery.  A  dynamo  tor  provides  plate  voltage 


The  neohsnism  of  the  recording  oaaera  is  shown  in  Figure 
1*$*  A  oathode-ray  tube  is  mounted  on  the  fhr  side  of  the  oaaera  and 
the  spot  of  light  from  the  tube  feoe  is  projected  by  two  mirrors  and 
fbrused  by  a  lams  am  the  16  film.  The  takeup  reel  is  driven  by  a 
d-c  motor*  Ohs  hundred  feet  of  Linagraph  Ortho  film  oan  be  run  through 


Dm  interfere— tar  or  Buck  gage  li  well  dascribed  in  the  literature 
3).  It  Is  s  ssif-oontaiaed  unit  that  photographically  obaarvaa 
interfere—*  fringaa  for— d  between  an  optioally  flat  pre satire  sensing 
dlaphragn  and  a  slightly  concave  glass  backing  plate.  Tbs  gage 
was  originally  developed  for  pressure  neasurenents  in  high  explosive 
work.  Its  adaptation  to  nuclear  weapons  tests  Introduces  several 
problems* 

1.  In  areas  of  high  nuclear  radiation  Intensity,  the  recording 
file  nust  be  protected  froa  this  radiation. 

2.  khan  radiation  shielding  is  employed,  the  pressure  diaphraga 
oan  no  longer  be  flush  with  a  baffle  surface. 

3.  In  the  areas  where  nuclear  radiation  protection  is  needed, 
pressures  are  usually  high  and  a  higher  natural  frequency 
dlaphragn  oould  be  used.  The  frequency  attenuation  introduced 
by  the  required  lead  tube  nullifies  the  good  frequency  charac¬ 
teristics  of  such  disphregns. 

4*  With  the  longer  periods  of  sustained  positive  and  negative 
pressures  characteristic  of  atomic  explosions,  the  100  feet 
of  filn  runs  through  too  fast  to  record  the  entire  phenomena. 

In  order  to  nalntain  any  tine  resolution  aa  far  as  readability 
of  reeords  is  concerned,  the  filn  velocity  would  have  to  be 
maintained  and  a  much  longer  filn  would  be  required. 

1.3.1  ftinh  fines  retaliation 

figure  1.7  shows  a  typical  Kick  gage  installation,  feehlnad 
interlocking  lead  brlcka  were  stacked  all  around  the  gage  box  for  nu- 
olear  radiation  shielding.  The  pressure  tube  consisted  of  a  l/4  iaoh 
41a— ter  hole  in  the  oeoter  of  a  lead  filled  pipe.  Fine  lead  shot  was 
poured  around  the  tube  to  fill  any  gaps  in  the  brick.  The  large  battery 
box  was  needed  to  houne  the  dry  cells  required  for  d-c  operation  of  the 
gags. 


Figure  1.8  is  n  photograph  of  n  simpler  installation  of  n 
Bttk  gags  in  sn  ares  tdiere  radiation  protection  was  uaneoeasary.  The 
Bunk  gage  baa  bean  affixed  to  the  baffle  plate  from  whioh  it  is  to  be 
•—pended,  and  the  cable#  for  timing  and  power  are  being  oonneeted  be¬ 
fore  the  baffle  plate  cover  is  lowered  in  plaoe.  is 

spread  on  the  top  flange  of  the  box  to  provide  s  waterproof  seal.  The 
ftaok  gage  is  shown  1— tailed  In  tbs  gags  box  in  Figure  1.9.  lbs  faoe 
plate  of  the  gege,  with  the  Forex  filter  over  the  dlaphragn,  is  mounted 
Flush  with  the  baffle  plate.  After  the  baffle  plate  la  fastened  to  the 
box,  the  ground  surfaoe  Is  faired  level  with  the  surrounding  terrain* 


Figure  1.7  Buck  Gage  Installation  with  Lead  Shielding 

The  Buok  gage  is  suspended  froa  the  heavy  steel  oover 
plate.  Ifechined  interlocking  lead  brick  provide  radiation 
shielding.  Pressure  is  t ran salt ted  to  the  gage  diaphragn 
through  the  pressure  tube. 
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1.4  Manama  cacnira 

Thus  far  th«  two  gtgt  systems  have  boon  described  aa  separate 
units*  Ths  activating  circuits  which  turn  power  on,  start  caaeras,  and 
move  sequencing  cans  operate  in  a  similar  manner  for  both  circuits  and 
will  now  be  considered. 

Certain  "last  close*  vires  were  brought  to  the  top  of  the  ground 
at  each  gage  looation  so  that  the  equipment  could  be  put  in  the  "ready” 

condition  after  the  last  dry  run  prior  to  a  shot.  After  that,  the  auto* 

natic  features  described  below  functioned  at  the  proper  tines  so  that 
the  nans  res  would  reoord  the  transient  pressure  phenomena  for  each  shot* 

la.i  ftwr  9I> 

Relay  signals  turned  the  primary  power  on  for  all  gages  at 
alnus  30  minutes  for  the  capacitance  gages  and  at  minus  5  minutes  for 
the  Buck  gages.  As  stated  before,  each  system  operated  from  its  own 
battery  power  source* 

1.1.2  flma  ffVrting  Devices 

Since  insufficient  film  was  available  in  the  oaneras  to  re¬ 
oord  from  the  instant  of  detonation  Tp  to  the  end  of  the  pressure  wave, 

it  was  necessary  either  to  provide  a  tine  delay  after  a  T0  signal  or 
to  start  the  oaneras  a  known  tine  before  the  arrival  of  the  shock  wave 
at  any  particular  gage  station.  As  other  projects  were  gathering  suf¬ 
ficient  data  on  tine-of -arrival  of  the  blast  wavs  with  respect  to  the 
instant  of  detonation,  all  Projeot  1.13  records  express  aero  tine  to  as 
the  arrival  tine  of  the  Initial  shock  front  at  each  gage. 

fbr  the  gages  closest  to  ground  sero,  the  oaneras  were  ini¬ 
tiated  from  a  "blue  box"  circuit  and  a  mechanical  time  delay  (see 
Appendix  A — Thermal  Shield  Remover).  All  other  recording  stations 
obtained  canera-etart  signals  from  blast-actuated  switches  placed  about 
800  feet  ahead  of  the  gage  toward  ground  sero  so  that  the  aameras  start¬ 
ed  about  0*7  eeoonds  before  the  arrival  of  the  shook  front.  This  al¬ 
lowed  sufficient  tine  for  a  calibration  step  to  be  reoorded  and  for  the 
film  to  get  up  to  speed. 

Figure  1.10  shows  the  blast  actuated  trigger  arrangement. 

TWo  units  were  employed  at  each  station  with  the  two  «-«-»-  break 
foils  oonnocted  electrically  la  series.  Ths  function  of  the  foil  cir¬ 
cuit  was  to  hold  a  relay  open  until  either  or  both  foils  broke  as  a  re¬ 
sult  of  the  impinging  shock  froot.  The  foils  were  slotted  in  the  cen¬ 
ter  to  provide  a  weakened  point  for  the  start  of  the  break  but  were 
strong  enough  to  withstand  steady  pressures  from  wind  velocities  of  60 
to  70  ailee  per  hour.  Screens  were  plaoed  over  the  ends  of  the  tubes 


to  prevent  birds  or  animals  from  brooking  tho  foils*  It  should  bo 
no  tod  tbnt  tho  particular  ad  van  tags  of  a  normally  shortod  lino  for  o 
triggor  system  is  that  electromagnetic  radiations  prosont  at  tho  instant 
of  bomb  burst  oannot  triggor  tho  circuit  by  inducing  voltages  across  tho 
transmission  lino  to  pronaturoly  oloso  a  relay. 


Figure  1*10  Blast  Actuated  Switches 

Tho  cylindrical  tubes  are  oriented  in  tho  direc¬ 
tion  of  tho  expected  shook  wave*  Tho  shock  front  is 
depicted  as  having  Just  broken  tho  foil  in  tho  first 
cylinder  and  is  approaching  tho  seoond  switch.  The 
two  foils  are  normall y  connected  in  series  oleotri- 
oally  so  that  if  either  (or  both)  break,  tho  switch 
is  aotuatod. 


inclng  Functions 


Subsequent  to  tho  minus  30  minute  "power  on"  signal,  th< 
breaking  of  the  blast  aotuatod  trigger  circuit  starts  the  following 
quenoee  for  the  oapaoitanoe  gage  circuits. 

1*  Film  and  earn  drive  motors  start. 

2.  Oathode-ray  beam  is  turned  on. 

3.  Film-timing  marker  is  turned  on. 

4.  Automatic  balanee  is  turned  off. 

5.  Calibration  relay  is  dosed. 


The  motor-driven  oaa  than  performs  the  following  functions  t 


6.  Calibration  relay  opana  after  0*3  aecond. 

7.  Fila  drive  actor  la  de-energised  after  15  aaoonda. 

8.  *111  Stop*  oaa  outa  all  power  until  apparatus  aay  be 
annually  reactivated. 

The  blast  wave  pressure  ia  recorded  following  step  6.  It 
is  to  be  noted  that  the  film  drive  motor  la  normally  out  off  by  the 
■end-of-fila"  micro switch  so  that  step  7  ia  a  safety  feature. 

The  Buck  gage  lamps,  power,  and  timing  circuits  are  turned 
on  simultaneously  with  the  minus  5  minute  relay  dosing}  then  the  se¬ 
quence  Initiated  by  the  break  in  the  blast  foils  is  as  follows t 

1.  The  fila  drive  motor  starts. 

2.  The  oaa  motor  starts. 

3.  The  fila  drive  motor  is  stopped  by  a  microswitch 
actuated  by  the  passage  of  the  end  of  the  exposed  fila. 

4*  The  cam  motor  runs  for  about  20  seconds  and  then  turns 

the  laag>,  the  power,  and  the  timer  circuits  off  and 

removes  voltage  from  the  already  de-energised  fila 
drive  motor. 

1.5  CALIBRATION  or  GiCK  SYSTEMS 

Careful  calibrations  were  made  of  the  capacitance  gages  and  Buok 
gages  at  the  Model  Basin  before  the  equipment  was  shipped  to  the  Nevada 
Proving  Grounds.  The  calibration  of  the  capacitance  gages  was  re checked 
after  the  equipment  was  returned  from  the  TUMBLER-SNIPPER  operations. 
Calibration  of  all  gages  except  one  agreed  within  2  per  cent  of  the 
original  oalibrated  values.  The  original  calibration  value  was  used 
for  analysis  of  all  records.  The  Buck  gages  were  transferred  to  AFSWP 
custody  at  the  test  site,  and,  therefore,  reoallbrations  were  not 
obtained. 

Both  static  and  dynamic  calibrations  were  made  to  determine  the 
sensitivity,  frequency  response,  and  damping  for  each  unit.  Buok  gages 
were  calibrated  in  the  back  pressure  chamber  of  a  3  inch  shock  tube.  A 
static  positive  pressure  was  built  up,  the  Buck  gage  oaaera  was  started, 
and  the  shock-tube  diaphragm  was  punctured  to  suddenly  reduoe  the  pres¬ 
sure  to  ataospherio  conditions.  A  calibrated  Stathaa  pressure  gage  was 
used  to  read  initial  overpressure,  and  the  photographic  reoord  was  ana¬ 
lysed  to  determine  the  number  of  fringe  changes  per  pounds  per  square 
inch  and  to  observe  the  daaping  and  frequency  responses  of  the  gage. 

Qapacitanoe  gages  were  oalibrated  statioally  for  sensitivity  and 
with  a  steep  fronted  shook  wave  passing  across  ths  diaphragm  for 


transient  characteristic*.  Unlike  the  Buck  gage  which  has  only  one 
full-scale  value,  the  capacitance  gage  ays tea  can  be  calibrated  for 
full-aeale  detector  deflection  for  eaoh  of  the  attenuator  positions  in 
the  carrier  aaplifier  unit, 

A  static  calibration  wea  obtained  by  applying  pressure  to  a  oapeci- 
tance  gage  diaphragm  until  the  amplitude  of  the  electrical  calibration 
step  was  aatched.  Since  the  electrical  calibration  was  photographed  on 
each  pressure  reoord,  accurate  static  calibration  can  be  considered  to 
have  been  aade  at  shot  ti as.  Accuracy  of  the  electrical  calibration  is 
assured  by  careful  selection  of  stable  capacitors  and  resistors  in  the 
calibration  and  attenuator  circuits  of  the  systea.  Influences  of  any 
changes  in  oscillator  or  aaplifier  operating  conditions  are  thereby 
nullified. 


1.5.1  Frequency  Resolution  of  Gage  Systeas 

The  frequency  resolution  capabilities  of  the  oapacitance 
gage  systea  were  determined  by  shock-tube  experiments.  Tests  were  aade 
with  and  without  the  Forex  filter  in  front  of  the  gage  diaphraga.  Fig¬ 
ure  1.11  shows  the  pressure  responses  obtained.  Even  though  the  dia¬ 
phragm  of  the  oapacitance  gage  was  virtually  undamped  and  can  be  excited 
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Figure  1.11  Pressure  Attenuation  by  Forex  Filter 

lbs  records  were  obtained  froa  tests  of  a  oapacitance 
gage  in  a  shock  tube  with  the  gage  face  perpendicular  to 
the  shock  front,  the  60  ke  natural  frequency  of  the  gage 
diaphraga  is  excited  because  of  the  abruptness  of  the 
shock  front.  Mean  values  of  the  photographic  traoes  are 
shown  by  dashed  lines.  The  initial  attenuation  in  pres¬ 
sure  aaplltude  due  to  the  presence  of  the  Forex  is  30 
per  cent.  Attenuation  decreases  to  sero  la  60  alcro- 
seconds. 
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*t  it*  natural  frequency  of  60  kc  by  a  sufficiently  steep  wave  front, 
the  Bean  value  of  the  aaplltude  of  the  initial  blast  front  can  be  deter- 
ained  accurately  down  to  the  tine  limitations  of  file  speed  or  shook 
front  transit  tlas  across  the  surfaoe  of  the  diaphragm. 

Pore*  attenuation  of  the  aaplltude  of  an  initial  shook  front 
needs  to  be  considered  only  for  the  first  60  nicro seconds  of  a  record 
and  then  only  for  records  where  the  shook  wav*  steepness  is  greater  than 
about  an  equivalent  5000  cycles  per  second.  Pore*  attenuation  in  the 
Buck  gag*  is  a  minor  factor  sine*  the  sensitive  glass  diaphragns  had 
natural  frequencies  of  the  order  of  a  few  thousand  cycles  per  second  and 
the  exact  daaplng  factor  achieved  was  a  natter  of  chance  and  subject  to 
change  in  us*. 

In  addition  the  devious  paths  that  the  pressure  wave  must 
take  to  get  down  a  lead  tube  and  around  a  damper  plug  to  the  diaphragm 
introduces  wav*  distortions  far  in  excess  of  any  attenuation  oaused  by 
the  forex  filter.  The  frequency  response  obtained  with  aost  of  the  Buck 
gages  was  not  high. 

1.6  OF  GAGES  IN  T-7  AREA 

A  aap  of  the  field  locations  of  the  16  stations  instrumented  by 
Project  1.13  is  given  in  Figure  1.12.  All  ranges  shown  are  ground  dis¬ 
tances  in  feet  froa  target  sero  to  the  survey  working  point  in  the  gag* 
area.  Actual  calculated  ground  and  slant  rang*  for  each  gage  location 
are  given  in  Chapter  2  along  with  tables  suMarlsing  pressure  data. 

Gag*  nomenclature  is  based  on  a  letter  A,  B,  C,  or  0,  relating  to 
the  aircraft  parking  areas  "Able,”  "Baker,"  "Charlie,”  and  "Dog,"  a 
number  for  the  particular  gage  in  the  area,  and  a  suffix  "BK"  for  the 
Ifciek  gages  and  "CAP"  for  the  oapacitano*  gages.  In  general  the  number¬ 
ing  sequence  reads  froa  left  to  right  as  observed  froa  behind  the  gag* 
area  looking  toward  ground  sero.  The  capacitance  gag*  station  on  the 
main  blast  line  is  labeled  7-204-CAP  in  accordance  with  the  regular 
blast  line  identification  system. 
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Figure  1.14  Gage  Layout  -  Baker  Area 


unclassified 


CHAPTER  2 
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now 


Records  of  air  blast  pressure  measurement*  for  Shots  2,  ),  and  i 
for  tbs  stations  aappsd  In  figure  1.12  ars  prsssntsd  in  this  chapter. 
The  records  ars  grouped  by  shot  number  and  presented  in  order  of  in¬ 
creasing  ground  ranges. 


The  record  froa  each  gage  location  is  presented  in  two  curses. 

Part  (a),  on  loft  hand  pages,  glees  the  shock  front  shape  and  rise  tine 
for  the  first  20  Billiseconds  (nsec)  after  t0 ,  and  part  (b),  on  right 
hand  pages,  glees  the  full  history  of  the  positive  and  negatlee  phases 
of  each  record.  Aaplitude  scales  are  the  same  for  corresponding  pages, 
and  all  tine  scales  are  based  on  tg  as  the  time  of  the  initial  pressure 
rise  at  a  gage  looatlon. 


Several  of  the  Buck  gages  ran  out  of  f 11a  before  the  pressure  wave 
had  passed.  It  was  not  possible  to  adjust  the  flla  drive  motor  to  slow¬ 
er  operating  speeds  and  have  the  speed  governor  function  properly.  It 
would  have  been  desirable  to  have  all  gages  run  at  least  10  seoonds 
after  tg  so  that  final  aeros  could  always  be  verified. 


The  analysis  of  the  records  obtained  by  Project  1.13  was  aade  with 
particular  eaphasls  on  instruaentetlon,  rise  tine  of  pressure  shook 
fronts,  and  notation  of  initial  spikes  and  unusual  wevefora.  Peak  posi¬ 
tive  pressures,  aarlii  negative  pressures,  duration  of  positive  and 
negative  phases,  and  positive  and  negative  iapulses  were  also  studied. 

The  correlation  of  daaage  to  aircraft  with  obeerved  pressures  and 
the  ooaparleon  with  previous  operational  test  results  was  not  the  re¬ 
sponsibility  of  Project  1.13. 

2.2.1  Hithods  of  Analysing  Records 

the  16  ■  file  from  the  oapeoitanoe  gages  was  analysed  with 
the  aid  of  a  Reoordak  flla  reader,  ttodel  M.  The  aagnifled  projection 
of  the  record  was  traced  to  obtain  a  true  reproduction  of  the  wave 
shapes  for  the  initial  20  asee  and  point  by  point  aaplltude  readings 
were  taken  for  the  reaainder  of  the  reoord.  Amplitudes  were  read  dl-eot- 
ly  In  pounds  per  square  inch  with  a  Gerber  variable  eoale.*  Since  a 
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calibration  step  appeared  on  each  record,  tha  var labia  aoala  could  ba 
adjusted  to  raad  directly  la  calibrated  pound*  par  square  inch. 

Tha  Buck-gaga  records  ware  transcribed  by  tha  process  of 
oounting  fringe  change*  (and  estimating  fractional  fringe  change*)  a*  a 
function  of  tin*  and  than  multiplying  by  tha  calibration  faotor  in 
pounds  par  square  inch  par  fringe  change  to  gat  tha  pressure. 

2.3  arer  am’itia 

Figure  2.1a  shows  tha  waveforms  of  tha  initial  shock  fronts  for 
Shot  2  at  various  distances  froa  ground  aero.  The  incident  shock  front 
for  froa  air  conditions  was  undoubtedly  steep  and  abrupt.  Some  of  tha 
variations  in  the  recorded  shape  of  tha  wavefronts  obtained  by  ground 
level  capacitance  gagas  are  believed  due  to  localised  terrain  conditions, 
such  as  the  presenoe  of  objects  ahead  of  the  &~ge.  Slight  apparent  neg¬ 
ative  pressures  were  detected  ahead  of  the  shock  front  at  7-204-GAP  and 
B-2-CAP.  The  capacitance  gage  systems  in  themselves  are  insensitive  to 
relatively  large  displacement-acceleration  effects. 

The  reasons  for  the  formation  of  precursor  phenomena  in  general 
is  not  known  to  the  authors  at  this  time,  but  the  possible  influence  of 
objects  ahead  of  the  gages  can  be  observed.  For  7-204-CAP  on  Shot  2, 
there  was  a  rough  low  mound  of  earth  about  40  feet  in  advance  of  the 
gage  and,  in  addition,  an  anchor  beam  for  a  tower  guy  cable  protruded 
about  1  foot  above  the  ground  20  feet  ahead  of  the  gage.  The  sudden 
dip  in  the  record  with  a  minimum  at  0.5  msec  may  result  froa  the  turbu¬ 
lence  set  up  by  these  objects.  Both  D-l-CAP,  which  was  loom ted  at 
ground  level  but  close  behind  a  high  wall- type  revetment,  and  D-2-GAP, 
which  was  at  the  bottom  of  an  exoavation-type  revetment  and  Immediately 
behind  the  end  wall,  show  the  Initial  pressure  fronts  starting  to  rise, 
then  taking  time  to  "fill-in*  behind  the  wall  and  in  the  excavation 
void. 


The  B-l-CAP  gage  was  in  a  stabilised  area  with  a  clear  space  sev¬ 
eral  hundred  feet  in  front.  The  pressure  record  is  clean  and  the  wave 
front  is  abrupt.  The  B-2-GAP  gage  was  in  the  same  area  but  a  concrete 
oaaera  pedestal  stood  about  80  feet  in  front.  It  appears  logical  to 
assume  that  the  disturbance  to  the  wave  front  was  caused  by  this 
pedestal. 

Figure  2.1b  give a  the  full  time  history  of  the  pressure  waves  end 
Thble  2.1  summarises  data  for  Shot  2. 

2.4  SHOT  3  BffiULTS 

Pressure-time  curves  from  the  Able  area  are  given  in  Figures  2.2a 
and  2.2b.  There  is  much  similarity  of  wave  form  between  the  two 
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ftick-gage  records  and  the  capacitance-gage  record  at  this  station  with 
the  exception  of  a  eery  sharp  spike  at  1  asec  which  the  oapacitanoe 
gage  recorded  but  the  Buck  gage  missed.  The  average  slopes  of  the  ris¬ 
ing  portions  of  the  three  ourves  agree  very  closely  and  the  first  sus¬ 
tained  peak  occurs  at  3  asec  for  each  gage.  One  of  the  Buck  gages  ran 
for  only  0.5  second  and  the  other  for  1.8  seoond. 

Capacitance-gage  records  for  the  blast  line  Station  7-204  and  in 
the  Dog  aircraft  area  are  shown  in  figures  2.3*  and  2.3b.  The  shook 
front  rise  tins  at  Station  7-204  is  about  the  sane  as  at  the  Able  area 
which  indicates  that  thermal  and  mechanical  effects  on  the  earth  extend¬ 
ed  at  least  to  this  range. 

At  the  3870  foot  range  for  the  Dog  area  gages,  the  wave  front 
steepness  is  not  distorted  by  thermal  activity  but  the  same  slow  fill- 
in  characteristics  for  pressures  behind  the  revetments  is  apparent  as 
in  Shot  2.  The  significance  of  the  sharp  positive  spike  at  0.25  second 
for  0-1 -CAP  and  of  a  corresponding  disturbance  on  D-2-CAP  is  not  known. 

figures  2.4a  and  2.4b  show  the  two  oapacltance— gage  reoorda  for 
the  Baker  area  along  with  the  record  from  the  Buck  gage  which  was  lo¬ 
cated  adjacent  to  B-2-CAP.  Again  the  influence  of  a  disturbance  ahead 
of  the  gage  in  attenuating  the  sharpness  of  a  wavefront  can  be  shown 
by  comparing  B-l-CAP  with  B-2-CAP.  The  spike  that  is  present  on  B>1 
does  not  appear  on  the  B-2  record.  The  Buck  gage  used  here  did  not 
have  sufficient  frequency  response  to  faithfully  record  a  sharp-fronted 
shook  wave. 

figures  2.5a  and  2.5b  complete  the  reoorda  for  Shot  3.  The  B-2-BK 
record  is  presented  in  these  figures  rather  than  with  other  Baker  rec¬ 
ords  because  its  looation  within  the  revetment  is  similar  to  the  posi¬ 
tioning  of  the  Dog  station  gages.  M>reover>  this  gage  exhibits  the 
same  slow  rise  pressure  record  as  do  the  Dog  gages.  Unfortunately  the 
biok-gage  lamp  burned  out  as  a  result  of  the  initial  shook  disturbance 
to  the  gage  and  the  reoord  lasted  only  50  msec.  The  best  over-mil 
agreement  between  a  Buck  gage  and  a  capacitance  gage  can  be  observed  at 
the  Charlie  location.  The  gages  were  located  side  by  side  in  a  clear 
uninterrupted  area.  The  ifciok  gage  used  here  appears  to  have  about  the 
best  frequency  response  and  most  accurate  damping  adjustment  of  any 
used  in  these  tests.  It  also  had  one  of  the  most  sensitive  diaphragms 
and  oould  not  be  used  at  the  oloee-ln  stations.  There  is  even  evidence 
of  the  small  mechanical  precursors  on  the  Buck-gage  reoord  as  well  as 
on  the  oapacitanoe-gage  record.  Again,  unexplained  positive  spikes 
show  at  plus  0.38  msec  on  both  records.  A  summary  of  Shot  3  data  is 
given  in  Thble  2.2. 
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Flfuro  2,5b  -  Shot  3*  Air  Blast  Prosaura  at  Ground  Lrral 
▼sroua  Tina,  full  Tina  Hlntorj 


2.5  SHOT  4  RESULTS 

Shot  4  produced  some  of  the  aost  interesting  pressure-time  curves 
of  the  TUMBLER-SNAPPER  series  of  detonations.  The  scaled  height  of 
burst  wu  such  lower  than  for  the  other  three  shots.-  The  theraal  sad 
mechanical  damage  olose  to  ground  ssro  was  very  atnrt,  Likewise  tha 
auclaar  radiation  intanaltiaa  ware  such  higher  for  this  shot,  so  high 
in  fact  that  the  two  Buck  gagas  in  tha  Able  area  (2240  feat  frcw  ground 
sero)  had  their  fils  completely  darkened  through  8  inches  of  lead  brick. 
The  recorded  radiation  dosage  within  eaeh  Buck  gage  box  was  greater  than 
20  r**  in  comparison  with  0.14  r  at  the  casaera  looatlon  in  the  adjaoent 
10  foot  deep  oapacitance-gage  pit  (see  Appendix  8). 

Figures  2.6a  and  2.6b  show  the  curves  for  A-l-CAP  and  7-2Q4-0AP. 

The  Able  area  record  shows  a  large  positive  precursor  pressure  signal 
of  about  3  pounds  per  square  inch  which  had  built  up  before  the  arrival 
of  the  shook  front.  The  shock  pressure  increased  very  slowly  after  t0 
so  that  the  theory  of  theraal  attenuation  of  shook  fronts  is  further 
substantiated.  At  Station  7-204  (2840  feet),  the  precursor  bad  disap¬ 
peared  and  shock  front  attenuation  was  probably  due  only  to  theraal  and 
mechanical  Influences  on  the  earth's  surface. 

It  is  interesting  to  note  thet  the  2.7  pounds  per  square  inch  pre¬ 
cursor  was  observed  st  a  range  of  2240  feet  in  a  black-top  stabilised 
area.  This  may  have  been  a  greater  range  for  the  phenomena  than  was 
observed  along  the  blast  line. 

Figures  2.7a  and  2.7b  give  data  for  three  oapecitance  gages  in  the 
Dog  area.  An  extra  station  was  set  up  as  D-3,  in  the  open  and  380  feet 
to  the  left  of  the  wall-type  revetment,  as  one  looks  toward  ground  sero, 
to  provide  s  control  measurement  for  evaluation  of  the  influence  of  the 
two  types  of  revetments  in  this  area. 

A  snail  superimposed  second  shock  appears  at  0.65  second  fro*  t0, 
and  the  negative  phase  develope  a  knee  in  the  curve  as  a  result  of  a 
tertiary  shock  superimposed  on  the  end  of  the  negative  phase  starting 
st  about  2.0  seconds. 

Figures  2.8a  and  2.8b  again  group  the  results  for  the  two  capaci¬ 
tance  gages  in  the  clear  stabilised  Baker  area  with  the  Buck-gage  rec¬ 
ord  for  the  station  adjacent  to  B-2-CAP.  Aside  from  the  disturbance 
assumed  to  be  introduced  by  the  camera  pedestal  in  the  B-2-CAP  reeord 
(as  in  Shot  3),  there  is  good  agreement  between  the  two  capacitance 


*Helght  of  burst  soaled  to  1  kiloton  at  sea  level — 747,  995,  1012  and 
363  feet  respectively  for  Shots  1,  2,  3  end  4. 

**Roentgens. 
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Figure  2.6a  -  Shot  4.  Air  Blast  Preasur*  at  Ground  Level 
versus  Tine.  Shock  front  Shape  and  Rise  fine 


gages  as  evidenced  by  positive  impulse  values  of  0.86  and  0.84  pounds 
per  square  inch  per  second.  The  Buck  gage  also  Is  in  reasonably  good 
agreement  with  a  positive  iapulse  value  of  1.12  pounds  per  square  inch 
per  second.  The  Buck-gage  record,  however,  points  up  the  possibility 
of  reaching  false  conclusions  as  to  the  true  shape  of  a  wavefront  if  the 
frequency  response  of  the  recording  systea  is  not  fully  considered.  The 
Buck-gage  record  shows  that  the  shock  front  took  5  nsec  to  reach  a  peak) 
froa  this  it  night  be  erroneously  concluded  that  thermal  attenuation 
effects  were  present  out  to  the  7700  foot  distance.  Positive  phase  du¬ 
rations  agree  very  olosely  but  the  occurrence  of  the  superimposed  secon¬ 
dary  shock  in  the  middle  of  the  positive  phase  was  at  slightly  different 
tiaes  for  the  three  gages.  Negative  phases  in  the  oapacltanoe-gage 
records  exhibit  the  seas  characteristic  knee  as  at  the  Dog  stations. 
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GoQt  Station  A*  I  CAP 
Ground  Rongt  2238  (I 


2840  ft 


>  Shot  4.  Air  Blast  Pressure  at  Ground  Loral 
Tarsus  Tlaa.  Phil  Tine  History 


Unfortunately  the  Buck-gaga  record  did  not  inoluda  all  of  the  negatlre 
phase* 


The  reaalaing  records  of  the  report  are  presented  as  Figures  2.9a 
and  2,9b.  Two  Buok  gage  records  were  obtained  la  the  rio laity  of  the 
0-type  reretaeat*  Gage  B-l-BK  was  behind  the  rare  beset  at  the  foot  of 
the  back  slope  and  B-3-BK  was  at  the  foot  of  the  front  slope  but  la  the 
elaar  toward  ground  aero,  the  B-3-Bt  flags  record  oan  be  ooapared  with 
the  curves  of  Figure  2.8  since  all  wore  looated  in  lias  at  about  the 
seas  range.  Such  ooaparlsoa  reinforces  the  agresaent  shown  In  Figure 


3606  »t 


•  Shot  4.  Air  Blast  Pressure  at  Ground  Lera 1 
versus  Tins*  full  Tine  History 


Gege  Stotion 

D'l  CAP 

Ground  Ronge 

3602  ft 

The  B-l-BJC  record  shows  evidence  that  the  combined  effect  of  the 
front  end  book  wells  of  the  G-type  revetment  result  in  sons  reduction 
to  both  peek  positive  pressure  end  positive  inpulse,  shout  20  per  oent 
eeoh.  Of  course  the  Inside  of  the  revetaent  is  the  assumed  protective 
area  for  aircraft  but  because  of  the  failure  of  B-2-Bk  on  this  shot 
the  only  Information  on  the  protection  offered  by  the  revetaent  (other 
then  observed  damage  to  aircraft)  is  the  approximately  35  per  oent  re¬ 
duction  in  average  peek  positive  pressure  experienced  within  the  revet¬ 
aent  for  Shot  3* 

The  lest  two  reoords  are  for  the  Charlie  looation  end  again  good 
correlation  is  shown  between  the  two  types  of  gages.  Shot  4  data  are 
eunaarised  in  Table  2.3. 

Table  2.4  euanarises  the  rise  tiaes  for  all  gages  on  Shots  2,  3, 
sad  4  to  the  first  dlstlnot  positive  peek.  Peek  values  reported  In 
this  table  nay  or  any  not  be  the  uaxinvas  pressures  attained,  depending 
upon  whether  subsequent  aaxlna  exoeed  the  first  peek  in  amplitude. 
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3.x 

Tbs  peak  ground-level  air-blast  pressures  recorded  by  tba  David 
Taylor  Nodal  Baa  In  at  Station  7-204  on  the  aaln  blast  line  for  Shota  2, 
3,  and  4  agrea  within  3  par  cant  with  tha  average  of  all  other  pressure 
measurements  at  that  location.  With  good  agreement  at  a  corsaon  looatloa 
It  would  seen  that  direct  pressure  comparisons  ooull  be  made  between 
records  obtained  by  Project  1.13  In  aircraft  parking  areas  away  from 
the  blast  line  with  those  obtained  by  other  projects  at  comparable  dis¬ 
tances  along  the  blast  line.  It  appears  that  most  variations  that  nay 
be  noted  free*  such  comparisons  can  be  attributed  to  local  conditions  of 
terrain,  surface  composition,  and  proximity  of  above  ground  structure# 
or  objaota.  Such  influences ,  howsver,  are  very  pronounced  at  oertaln 
locations. 

Capabilities  of  the  Taylor  Nxlel  Basin  capacitance  gage  syi.ao  are 
such  that  true  representations  of  steep-fronted  waveforms  are  obtained 
down  to  a  limitation  of  10  microseconds  rise  time.  Good  agreements 
were  observed  with  low  frequency-response  pressure  aeesurlng  systems  et 
Station  7-204  because  the  rise  times  to  the  aaslaiM  positive  pressure 
et  that  station  ware  slow—3.0  msec ,  4.0  nsec,  and  12.0  nsec  respec¬ 
tively  for  Shots  2,  3,  end  4.  Where  wavefronts  are  steep,  peek  pres¬ 
sure,  es  determined  by  graphloal  extrapolation  of  records  from  low  fre¬ 
quency  gage  system a,  generally  give  values  that  are  lower  than  those 
recorded  by  the  capacitance  gage  system. 

As  an  aid  in  tha  correlation  of  structural  damage  to  airomft,  tha 
peak  positive  pressures  and  positive  impulses  have  been  presented  with 
the  data  of  this  report  as  averages  for  flva  different  ranges  and  as 
direct  oomparisona  between  tha  results  of  Shota  3  and  4|  see  Table  3.1. 
It  will  be  noted  that  for  a  range  of  2100  feet,  the  peak  pressures  for 
Shota  3  and  4  were  about  equal  but  tha  Impulse  value  for  Shot  3  was 
only  one -half  that  for  Shot  4.  At  an  Intermediate  range  of  7800  feat, 
tha  impulse  values  wars  equal  but  tha  peak  pressure  for  Shot  A  was  one- 
half  that  for  Shot  3 — Just  the  opposite  of  the  relationship  for  the 
near-in  range.  In  a  transitional  range  of  3000-3800  feet,  pressures 
and  impulses  ware  almost  identical  respectively  for  the  two  shots.  At 
the  more  extreme  range  of  10,200  feet,  the  pressure  and  impulse  values 
are  consistent  with  one  another,  vis.,  lower  pressures  for  Shot  4  were 
associated  with  corresponding  lower  Impulse  values  as  compared  to  Shot 
3  values. 
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TABLE  3.1 

Positive  Pressures  and  Impulses  for  Shot*  3  and  4 


Range 

feet 

Shot  3 

Shot  4 

Pressure 

P*1 

Impulse 

psl-sec 

Pressure 

pal 

Impulse 

psl-sec 

2100 

12.0(a) 

2.6(a) 

12.5 

5.9 

3000(f) 

7.9 

2.7 

3.7 

2.5 

3800 

7.1(b) 

2.0(b) 

6.6(e) 

2.0(c) 

7800 

4.9(d) 

0.9(d) 

2.4(d) 

0.9(d) 

10,200 

2.9(e) 

1.1(a) 

1.7(e) 

0.7(e) 

(•)  Average  of  4-1-BK,  A-2-BK  and  A-l-CAP 

(b)  inrt(«  of  D-l-CAP  and  D-2-CAP 

(o)  At* rag*  of  &-1-CAP,  D-2-0AP  and  D- 3-CAP 

(d)  Average  of  B-l-CAP,  B-2-CAP  and  B-5-F* 

(•)  Average  of  C-l-K  anJ  C-l-CAP 

(f)  Single  gag*  reading  at  7-2Q4-CAP 


David  Taylor  Model  Basin  record*  for  this  series  of  t*sta  ar*  bs- 
ll*r*d  to  hav*  aa  onr-til  aocuraoj  of  5  p*r  cant  with  possibly  slight¬ 
ly  lsss  accuracy  for  esrtain  negative  phass  phenomena.  Tbs  oapaoitancs 
gags  recording  aystem  proved  T*ry  satisfactory  for  thsss  tests.  Only 
on*  gags  failed  to  operate  properly  and  this  was  due  to  ths  couplet* 
inundation  of  an  instrument  shelter  before  a  shot.  The  shelter  could 
not  be  dried  out  sufficiently  before  the  equipment  was  installed  and 
the  aoistur*  shorted  out  a  high  voltage  circuit. 

The  application  of  the  Buck  interferons ter  gages  to  these  tests 
was  not,  on  ths  other  hand,  nearly  as  satisfactory.  The  gag*  is  diffi¬ 
cult  to  adjust,  unpredictable  in  performance  from  on*  operation  to  the 
next  and  difficult  to  shield  from  nuclear  radiations.  Out  of  23  Buck 
gags  installations  aads  for  Shots  2,  3,  and  4  by  Projsct  1.13  only 
sight  usabls  pressure  records  were  obtained.  Two  reoords  were  lost  be¬ 
cause  the  8  inches  of  lead  shielding  did  not  provide  sufficient  protec¬ 
tion  for  the  fila  froo  nuclear  radiations  on  Shot  4. 


3.2  aacomniaiTiqis 


The  rsoomm sedations  offered  by  Project  1.13  relate  aainly  to  im¬ 
provements  in  instrumentation  for  air-blast  pressure  measurements  on 
future  atomic  weapons  tests.  A  major  purpose  of  any  field  test  program 
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is  to  produce  dsts — reliable  date.  The  instrumentation  should  Met 
standards  of  accuracy  and  resolution  consistent  with  the  end  use  of  the 
data.  The  more  reliable  the  instrumentation  end  the  simpler  the  instal¬ 
lation  the  greater  the  chance  that  all  data  desired  will  be  obtained  and 
the  cost  of  securing  these  data  in  both  tine  and  money  will  be  elnlnised. 

It  appears  that  there  is  considerable  advantage  to  be  gained  by  the 
use  of  independent  self-contained  gage  stations  with  all  of  the  equip¬ 
ment  located  in  a  saall  hole  such  as  could  be  bored  in  the  earth  with  a 
power  auger.  The  recorder  for  each  station  should  be  reasonably  low  in 
eost  but  even  this  cost  could  be  offset  by  the  elinination  of  long  cable 
trenches,  the  multiple  cables  in  these  trenches,  and  the  large  under¬ 
ground  shelters  required  for  central  recording  stations.  Certain  opera¬ 
tional  difficulties  sxperienced  with  long  csbles  in  sensitive  gaging  and 
recording  systems  vyuld  also  be  eliminated. 

Should  it  be  do si red  on  any  future  tests  to  study  the  exact  wave¬ 
forms  of  shock  fronts  or  precursors  it  is  suggested  that  the  use  of  the 
capacitance  gage  system  with  its  proven  high  frequency  response  be  con¬ 
sidered.  This  aeaaure*nent  system  is  self  contained,  rugged,  and  reli¬ 
able.  and  can  be  readily  adjusted  for  full  soale  recording  on  any  one  of 
several  pressure  ranges  with  autoMtic  slsctrical  calibration  Inherent 
for  each  range. 

Sinee  preparation  time  for  TUMBIER-3NAPPER  was  so  limited,  certain 
desirable  refinements  in  the  measurement  apparatus,  that  could  not  be 
incorporated  at  that  time,  are  suggested  here: 

1.  It  seems  desirable  to  use  a  stretched  steel  diaphragm  as  the 
pressure  sensing  element  in  the  gage  head.  The  air  space  behind  the 
diaphragm,  including  the  capacitance  gap,  should  be  evacuated  and  sealed. 
This  will  minimise  long  term  variations  in  the  pressure  reference  datum 
that  occur  as  a  result  of  slow  changes  in  the  gage  temperature  and  the 
resulting  Influence  on  the  air  pocket.  In  the  existing  gage  system,  as 
used  on  T'JMBLE.V3)I&PP£R,  these  slow  variations  were  compensated  for  by 
an  automatic  rebalancing  circuit.  It  is  believed  that  adequate  protec¬ 
tion  from  rapid  thermal  flux  changes  is  provided  by  the  thermal  and 
duet  filter  used  over  the  diaphragms. 

2.  A  redesign  of  the  physical  arrangement  of  the  apparatus  is  in¬ 
dicated  so  the  assembly  could  be  fitted  in  e  waterproof  cylindrical 
housing  that  might  be  lowered  into  a  24  inch  standpipe  in  the  ground. 

Then  a  baffle  plate  could  be  placed  atop  thd  pipe  for  ground  level  meas¬ 
urements  or  a  smaller  pipe  could  be  extended  to  support  a  baffle  for 
above  ground  measurements . 

3.  It  would  be  desirable  for  the  recorder  to  run  at  least  7  sec¬ 
onds  so  that  the  pre-shock  sero  reference  datum  could  be  recheoked  at 
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the  end  of  the  film  after  all  air-blast  affects  had  U  rains  tad 


The  experience  of  the  Project  1.1)  group  with  the  Buck  interferon 
•tar  gagas  leads  to  the  conclusion  that  these  gagas  are  not  wall  suited 
to  tests  of  this  nature.  Although  sons  of  the  existing  deficiencies 
could  be  corrected  by  redesign,  it  is  felt  that  efforts  could  aore  pro¬ 
fitably  be  devoted  to  development  and  improvement  of  other  pressure  re¬ 
cording  systems  for  future  atomic  weapons  tests. 
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The  test  Information  available  to  Project  1.13  during  ths  prepara¬ 
tory  stages  for  the  TUMBLER-SNAPPY  operation  indicated  that  the  expect¬ 
ed  thermal  flux  intensity  for  ground  ranges  corresponding  to  our  gage 
stations  closest  to  G.L.  night  be  high  enough  to  fuse  the  sintered  brass 
Porex  filters  and  prevent  the  pressure  from  reaching  the  sensitive  dia¬ 
phragms. 

Pbr  this  reason  an  arrangement  was  worked  out  whereby  a  thermal 
shield  positioned  directly  over  the  gage  would  be  removed  shortly  after 
bomb  detonation  and  before  the  arrival  of  the  pressure  wave. 

The  effectiveness  of  the  thermal  shield  reaover  in  carrying  out 
its  mission  was  demonstrated  in  the  Able  area  on  Shot  4.  The  white¬ 
washed  gage  baffle  plate  was  scorched  except  where  the  shield  cylinder 
protected  the  gage  area.  The  pressure  wave  was  recorded  satisfactorily 
indicating  that  the  shield  was  removed  at  the  proper  time. 

The  shield  consisted  of  a  5  inch  diameter  sheet  metal  cylinder 
8  inches  long  with  one  end  open  end  a  2  foot  square  of  plywood  as  a  oap 
on  the  top.  The  open  end  of  the  cylinder  was  placed  on  the  baffle 
plate  directly  over  the  gage.  An  attached  gasket  ensured  a  close  fit 
to  the  baffle.  The  shield  was  bald  in  placs  with  light  strings  anchor- 
ad  to  small  pegs  in  the  ground. 

The  device  that  removed  the  shield  consisted  of  an  8  foot  long 
1  1/4  inch  plpa  pivoted  et  one  end  where  it  attached  to  a  oape tan-like 
device  mounted  on  an  axle  driven  into  the  ground.  The  oapetan  or  pivot 
point  was  so  looated  that  tha  arc-of-swing  of  the  free  end  of  the  ans 
intersected  the  shield  over  the  gage.  A  fork  arrangasmnt  on  the  end 
of  the  arm  caught  the  shield  cylinder,  picked  it  up  and  threw  tha 
shield  away  froa  tha  gaga  area. 

Capstan  power  was  provided  by  e  heavy  garage-door  type  ooll  spring 
housed  in  an  Iron  pipe  and  secured  et  one  and.  The  pipe  wee  lined  up 
on  the  ground  so  that  a  steel  oable  fastened  to  the  free  end  of  the 
spring  oould  be  wound  around  tha  oapetan  drum.  The  d evioe  was  wound  up 
by  rotating  the  arm  against  the  restraint  offered  by  the  spring.  With 
e  desired  initial  degree  of  tension  in  the  spring,  the  rotational  time 
or  delay  between  the  release  of  the  ara  and  the  removal  of  the  shield 
was  controlled  by  ehoice  of  the  anohor  point. 


The  anchor  point  mu  so  chosen  that  about  0.7  seoond  delay  was  ob¬ 
tained  after  detonation  tine.  The  "loaded"  am  vu  restrained  at  the 
anchor  point  by  a  heavy  cord  attached  to  a  cellulose  tape  which  was 
looped  around  an  explosive  squib,  the  squib  was  secured  at  the  anchor 
point.  On  signal  fros  a  "blue  box"  circuit  the  squib  exploded  to  break 
the  tape  and  release  the  am*  Uhea  the  am  had  aoved  part  of  the  way 
around,  it  wi  caused  to  s inula te  a  break  in  a  blast  foil  and  start  the 
oanera  for  A-l-CAF. 


A  novie  was  aade  of  a  trial  operation  of  this  device  on  18  April 
1952  (Min  Bo.  P-16-100-6,  Documentary  Photographic  Obit,  Los  Alamos 
Scientific  laboratory). 
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To  provide  information  on  the  effectiveness  of  the  shielding  em¬ 
ployed  to  protoot  emn  fila  from  nuclear  radiation,  fils  badge  a  vara 
placed  in  the  rarloua  Project  1.13  laatrunent  shelter*  for  Shots  2,  3, 
and  4*  The  fila  badges  were  furnished  and  processed  by  Program  4* 

Table  B.1  lists  the  total  dosages  recorded  in  the  various  shelters. 
The  capacitance  gag*  snelters  were  underground  structures  with  shielding 
provided  by  the  earth.  Buck  gages  in  the  Able  area  were  shielded  with 
lead  brick.  At  other  locations  the  Buck  gages  were  shielded  only  by  a 
steel  box  recessed  flush  with  the  ground  surface. 

On  Shot  4  the  3  Inches  of  lead  for  the  Buck  gages  did  not  provide 
sufficient  shielding  and  the  records  for  the  Able  area  were  lost.  The 
fila  badges  Inside  the  two  Buck  gag*  boxes  read  greater  than  20  r  and 
the  camera  fila  was  completely  opaque  after  development.  The  slant  dis¬ 
tance  through  the  lead  shielding  was  about  19  inches.  It  is  of  Interest 
that  the  aluainun  fila  spools  aeasured  20  ar  30  hours  after  shot  tins. 

The  adjacent  oapecltance  gaga  Instrument  shelter  received  only 
0.14  r  at  the  camera  location  in  the  bottom  of  the  10  foot  deep  shelter. 
Sven  at  a  6  foot  level  the  dosage  was  only  1.32  r  for  Shot  4. 
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